Performance of Automatic Fingerprint Identification System( AFIS) is greatly influenced by the detection of core point. Extraction of best Region Of Interest(ROI) from image can play a vital role for core point detection.
INTRODUCTION
Fingerprints have been in use for biometric recognition since long because of their high acceptability, immutability and individuality.
The probability that two fingerprints are alike is 1 in 1.9 x 10 15 (W. F. Leung and Luk, 1991) . These features make the use of fingerprints extremely effective in areas where the provision of a high degree of security is an issue.
Most Automatic Fingerprint Identification systems (AFIS) are based on local ridge features; ridge ending and ridge bifurcation, known as minutiae(A. K Jain and Boole, 1997) . Core points and delta points are critical points in fingerprint. Core points are the points where the innermost ridge loops are at their steepest and delta points are points from which three patterns deviate (Anil Jain, 1998) , (Zhang, 2000) . Figure 1 shows the location of core point and delta point in a fingerprint image.
In AFIS, core point plays an important role (D. Maltoni and Prabhakar, 2003) and it is widely used for fingerprint matching (Anil Jain, 1998) ,(D. Maltoni and Prabhakar, 2003) , (Maio and Maltoni, 1997) and classification (Wang and Wang., 2004) ,(A. K. Jain and Hong, 1999) , (Sen Wang, 2002) . The problem with applications related with fingerprint is how to fix the fingerprint with the help of a reference point so that it would be invariant to error generated by scanning process (Maio and Maltoni, 1997) . This problem can be overcome by detecting core point accurately. Minutiae based fingerprint matching is widely used in AFIS (Maio and Maltoni, 1997) , (Kalle Karu, 1996) where minutiae in neighbor of core point also plays an important role in frequency characteristic fingerprint matching (Maio and Maltoni, 1997) .
A number of algorithms have been proposed for optimal core point detection and most of them are based on ridge orientation estimation techniques. A common method used for core point detection is Poincare index in which point in the ridge orientation field is classified as singular point if orientation along a small closed curve around that point changes 0,±180 or ±360 degrees(Kalle Karu, 1996) . A.K. Jain, S. Prabhakar, L. Hong and S. Pankanti had used geometry of region technique in (Ani1 K. Jain and Pankanti, 2000) for reference point detection. ChulHyun Park, Joon-Jae Lee, Mark J.T. Smith and KilHoum Park had proposed a method for reference point detection especially for arch-type fingerprint.
This paper is organized in six sections. Section 2 deals with the preprocessing of fingerprint image before locating the core point. Section 3 presents Poincare index, Geometry of Region Technique and Direction of Curvature technique while section 4 contains the proposed technique and its algorithm. Comparative analysis of experimental results of our technique with other techniques are presented and discussed in section 5 followed by conclusion in section 6.
FRONT-END PROCESSING
Core point detection process is greatly effected by quality of fingerprint image. Good image segmentation and orientation field estimation is required for optimal core point detection (Maio and Maltoni, 1997) . Figure 2 shows the sequence of steps required for optimal core point detection. 
Image Segmentation
Segmentation is done to extract fingerprint image from background. In AFIS, the surrounding background in fingerprint image does not carry any information and therefore add to the processing time of all stages if included. The cutting and cropping out region containing fingerprint feature, commonly called Region of Interest(ROI), from the fingerprint image minimizes the computational time.
Steps for Mean and Variance Based fingerprint image segmentation technique (Maio and Maltoni, 1997) are summarized as follows:
1. Divide the input image I(i, j) into nonoverlapping blocks with size w×w.
2. Compute the mean value M(I) for each block using equation 1.
3. Use the mean value computed in step 2 to compute the standard deviation value std(I) with equation 2
(2) 4. Select a threshold value empirically. If the std(I)
is greater than threshold value, the block is considered as foreground otherwise it belongs to background.
Image Normalization
Normalization is performed to remove the effect of sensor noise and gray level background which are the consequence of difference in finger pressure applied at the scanner (Kawagoe and A.Tojo, 1984) . Let I(i, j) denotes the gray-level value at pixel (i,j). The normalized value N(i, j) for pixel (i, j)is defined in equation 3 (Maio and Maltoni, 1997 )
otherwise (3) Here M 0 and V 0 are the desired mean and variance respectively. The mean M(I) and variance V (I) of a gray-level fingerprint image with the dimension of M × N pixels, are defined using equation 4 and 5 respectively (Maio and Maltoni, 1997) .
Where I(i, j) represents the intensity of the pixel at ith row and jth column. The basic objective of normalization operation is to reduce the variations of gray-level values along the ridges and valleys (A.K Jain and Boole, 1997).
Orientation Field Estimation
Orientation or direction field estimation is not only used in core point detection but also in fingerprint matching (A. K Jain and Boole, 1997) . The smoothed orientation field based on least mean square algorithm (A.K Jain and Boole, 1997) (Maio and Maltoni, 1997) is summarized as follows: 2. Compute the gradients ∂ x (i, j) and ∂ y (i, j) at the center of the block.
3. Estimate the local orientation using the equations 6, 7 and 8 (Maio and Maltoni, 1997) .
Here θ(i, j) is the least square estimate of the local ridge orientation at the block centered at pixel (i, j).
4. The local ridge orientation varies slowly in a local neighborhood where no core point appears.
The discontinuity in ridge and valley due to noise can be reduced by applying a low pass filter. However, to apply a low pass filter the orientation image must first be converted to a Continuous Vector Field (CFV). The continuous vector field is defined by the x-component Φ x and the ycomponent Φ y computed using equation 9 and 10 respectively (Maio and Maltoni, 1997) .
5. The two dimensional w Φ w Φ low-pass filter G with unit integral is applied to the resultant CFV.
The filtered x-component and y-component of the CFV are obtained by equations 11 and 12 respectively (Maio and Maltoni, 1997) .
6. The smoothed orientation field at (i, j) is computed by equation 13 (Maio and Maltoni, 1997) . Figure 3 shows segmentation, normalization, orientation estimation and core point detection for a fingerprint image. 
CORE POINT DETECTION TECHNIQUES
The core point is used in both fingerprint classification and fingerprint matching using either spatial domain (A.K Jain and Boole, 1997)(Ani1 K. Jain and Pankanti, 2000) or transformed domain (Ani1 K. Jain and Pankanti, 2000) . This section details different techniques for core point detection.
Geometry of Region Technique (GR)
It is very important to find the geometry of region to detect core point as the ridge line curvature varies sharply near core point region (Maio and Maltoni, 1997) . The GR technique can be summarized as follows.
1. Compute the smoothed orientation field θ (i, j)by using equation 13 above.
2. Compute ε(i, j) from equation 14 (Maio and Maltoni, 1997) , which is the sine component of θ (i, j)
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3. Initialize a label image A which is used to indicate the core point.
4. Assign the corresponding pixel in the value of the difference in integrated pixel intensity of each region A from equation 15 (Maio and Maltoni, 1997) .
The regions R1 and R2 are determined empirically and also their geometry are designed to capture the maximum curvature in concave ridges and should cover at least one ridge.
5. Find pixel (i, j) that have maximum value in A and assign it as the core point.
6. If the core point still cannot be located, the steps (1-5) could be iterated for a number of times while decreasing the window size used in step 1) above.
Poincare Index
An elegant and practical method based on the Poincare index was proposed in (Kawagoe and A.Tojo, 1984) . The PC technique can be summarized as follows (Maio and Maltoni, 1997) , (Sen Wang, 2002) .
1. Estimate the orientation field θ (i, j) by using the least square orientation estimation algorithm given by equation 13 (Maio and Maltoni, 1997) above.
2. Initialize a label image A which is used to indicate the core point.
3. For each pixel, compute Poincare index, PC(i, j) from 16, 17 and 18 (Kawagoe and A.Tojo, 1984) where
4. The core point should yield the Poincare index between 0.45-0.51 (Kawagoe and A.Tojo, 1984) .
5. The center of the block with the value of one is considered to be a core point. However if there are more than one block with that values, the average calculation is applicable.
Detection of Curvature Technique
1. Compute the local orientation θ(i, j) by using equation 8 (Maio and Maltoni, 1997) . The input block size is kxk = 3x3.
2. Smooth the orientation field θ (i, j) by using equation 13 (Maio and Maltoni, 1997) .
3. The difference of direction components is computed for every progressive block from equations 19 and 20.
4. The core point could be located at the corresponding (i, j) where Di f f X and Di f fY are negative.
PROPOSED TECHNIQUE
In our proposed method, segmentation and Normalization are done in the same way as described in section 2 while orientation field is estimated by new method as it greatly effects the core point detection.
Fine Orientation Field Estimation
The steps for proposed technique are summarized as follows 1. Divide the input image I(i, j) into nonoverlapping blocks with size w x w. In our case w = 16.
2. Use 3x3 sobel vertical and horizontal masks from equations 21 and 22 to compute the gradients ∂ x (i, j) and ∂ y (i, j) at each pixel (i,j) respectively which is the center of the block.
3. Estimate the local orientation using equations 23, 24 and 25 (Lim and S.Jae, 1990) .
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4. Calculate background certainty and orientation field using equation 26 and 27 respectively (Zhongchao Shi and Xu, 2004) .
Optimal Core Point Detection
Steps for our core point detection technique are summarized as follows:
1. Compute the local orientation θ(i, j) by using equation (27) . The input block size is kxk = 3x3.
2. Locate the region of interest (ROI) based on background certainty 3. Initialize a label image A which is used to indicate the core point.
4. Apply steps 3 and 4 on ROI from Poincare Index technique 5. Find each connected component in A with pixel values 1. There is normally more than one objects. Core Point object will always have the largest area. So we first figure out the object having the largest area.
6. Then we calculate the centroid of the selected object. This centroid gives us the location of core point.
EXPERIMENTAL RESULTS
The performance of our modification is tested on FVC2004 database (FVC, 2004 Figure 4 shows the comparison of the proposed technique with the ones discussed in (Maio and Maltoni, 1997) , (Maio and Maltoni, 1997) , (Kawagoe and A.Tojo, 1984) . Red dot shows the ideal core point location while the blue dot shows the detected core point. Figure 5 shows that proposed technique detects core point correctly even in case of very oily and dry fingerprint images. 
CONCLUSIONS
Our core point detection technique is useful as it detects the optimal core point with low computation and it requires simple field orientation. Optimal core point is detected using the fine orientation field estimation. The performance of the proposed technique is better than the Poincare index and Detection of Curvature technique. Moreover the proposed technique gives better results even in case of oily and dry images.
